Purpose: This study aimed to assess the evaluation of clinical outcomes and consequences of complications after cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) for the peritoneal carcinomatosis (PC) from colorectal cancer. Methods: A total 26 patients underwent CRS and HIPEC for PC from colorectal cancer between March 2009 and April 2018. All the patients underwent CRS with the purpose of complete or near-complete cytoreduction. Intraoperative HIPEC was performed simultaneously after the CRS. Mitomycin C was used as chemotherapeutic agent for HIPEC. Results: Median disease-free survival was 27.8 months (range, 13.4-42.2 months). Median overall survival was 56.0 months (range, 28.6-83.5 months). The mean peritoneal cancer index (PCI) was 8.73 ± 5.54. The distributions thereof were as follows: PCI <10, 69.23%; PCI 10-19, 23.08%; and PCI ≥20, 7.69%. The completeness of cytoreduction was 96.2% of patients showed CC-0, with 3.8% achieved CC-1. The mean operation time was 8.5 hours, and the mean postoperative hospital stay was 21.6 days. The overall rate of early postoperative complications was 88.5%; the rate of late complications was 34.6%. In the early period, most complications were grades I-II complications (65.4%), compared to grades III-V (23.1%). All late complications, occurring in 7.7% of patients, were grades III-V. There was no treatment-related mortality. Conclusion: Although the complication rate was approximately 88%, but the rate of severe complication rate was low. In selective patients with peritoneal recurrence, more aggressive strategies for management, such as CRS with HIPEC, were able to be considered under the acceptable general condition and life-expectancy.
INTRODUCTION
Peritoneal metastasis of colorectal cancer is the fourth most common recurrence site in all colorectal cancer patients, occurring in about 10% of colorectal cancer patients [1] . This is related to the poor prognosis of the patient and the 5-year survival rate is reported to be about 20%-30% despite treatment with chemotherapy. After cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) was first introduced by Sugarbaker et al. [2, 3] , several studies have reported that the 5-year survival rate of patients undergoing CRS and HIPEC is over 45% [4] [5] [6] .
However, CRS and HIPEC are technically challenging and require a well-trained team, with high postoperative complications and a long learning curve compared to other surgeries [7] [8] [9] . Although CRS and HIPEC have been extensively used in Western Europe and US treatments, they are also known to have high morbidity in centers with experienced surgeons. In the United States, about 10% of patients undergoing CRS and HIPEC undergo reoperation and the incidence of major complications is reported to be approximately 33% [10] . Complications related to CRS can be caused by the long operation time and hemodynamic changes due to the resection of multiple sites. CRS and HIPEC may increase the risk of surgical complications and toxicity, which may lead to postoperative bleeding, anastomosis leak, bowel perforation wound dehiscence, etc. HIPEC may lead to nephrotoxicity or hepatotoxicity [7] .
The purpose of this study was to evaluate the safety and efficacy for patients with peritoneal metastasis after examining clinical prognosis and postoperative complications on patients underwent CRS and HIPEC in our hospital.
METHODS

Preoperative Diagnosis and Patient Selection
From February 2008 to April 2018, CRS and HIPEC were performed in 26 patients with peritoneal metastasis or pseudomyxoma peritonei in colorectal cancer and retrospectively analyzed. Patients underwent thoracic and abdominal computed tomography and esophagogastroduodenoscopy and colonoscopy to confirm peritoneal metastasis and other metastases before surgery.
When computed tomography was difficult to diagnose or suspicion of nonabdominal metastasis, positron emission tomographycomputed tomography was also considered. Inclusion criteria were defined as patients who were predicted to be able to undergo complete resection due to only metastasis within the abdominal cavity confirmed by preoperative computed tomography or positron emission tomography-computed tomography, among patients with suspected peritoneal metastasis in histologically proven colorectal cancer. The exclusion criteria were patients whose peritoneal metastases were unresectable or underwent emergency surgery, patients with extraperitoneal metastases, patients with unresectable hepatic metastases, and patients with poor overall system status at 2 or more points in the Eastern Cooperative Oncology Group. This study was approved by the Institutional Review Board (IRB) of the National Cancer Center (NCC2019-0016). And informed consent was not obtained because this was a retrospective study using clinical practice data.
Data Forms
Patient characteristics, history, peritoneal metastasis, complications, short follow-up data were studied retrospectively. Peritoneal cancer index score was measured by abdominal exploration during surgery. Abdominal cavity was divided into 13 compartments and subdivided into 0-3 points according to the size of peritoneal metastasis (0 points, absence of tumor; 1 point, tumor less than 0.5 cm; 2 points, tumor from 0.5 cm to 5 cm; and 3 points, tumor larger than 5 cm). The scores were marked from 0 to 39 in total [11] . Peritoneal cancer index score was divided into 3 groups according to the score, and was divided into less than 10 points, be-tween 10 points and 19 points, and more than 20 points. Completeness of cytoreduction after surgery was subdivided according to the size of residual tumor (CC-0, complete removal of visible tumor; CC-1, remnant tumor less than 0.25 cm; CC-2, residual tumor between 0.25 cm and 2.5 cm; and CC-3, visible tumor larger than 2.5 cm in diameter). Complications were classified into 5 grades according to the Clavien-Dindo grade classification. Class 0 to II were classified as mild cases and grade III and above were classified as serious complications.
CRS and HIPEC Procedure
In case of patients with synchronous peritoneal metastasis, primary tumor resection was performed at the same time. In case of patients with metachronous peritoneal metastasis, patients with metastasis during the postoperative chemotherapy or follow-up of the primary tumor underwent resection after receiving full explanation and consent. As suggested by Sugarbaker, CRS was carried out to remove the cancer cells by mechanical means through the naked eye and minimize the peritoneal cancer index score [12] . Peritoneal resection was performed selectively according to the location of peritoneal metastasis, such as anterior peritonectomy (right and left), Epigastric peritonectomy, right subdiaphragmatic peritonectomy, left subdiaphragmatic peritonectomy, greater omentectomy, lesser omentectomy, pelvic peritonectomy, cholecystectomy & resection of the omental bursa, etc.
HIPEC was prepared by mixing mitomycin C with 15 mg/m 2 of body surface area in 4,500 mL of physiological saline. The mixed solution was circulated through a HIPEC pump (The Belmont Hyperthermic Pump) at a rate of 800 to 1,000 mL/min for 90 minutes while maintaining the 42°C to 43°C. The patient's central body temperature, inflow temperature, and outflow temperature were checked every 5 minutes, and the target temperature was controlled through the inlet temperature of the HIPEC pump. All patients underwent more than one day of follow-up in intensive care unit. When the vital sign was stable and there was no change in the drainage tube or clinical examination results, patients were transferred to the general ward. Most of the Levin tubes were removed immediately after surgery or the next day. Water intake started the day after surgery. All patients underwent a total of 4 drainage tubes in the pelvic cavity and bilateral diaphragmatic space after the operation. Abdominal computed tomography was performed on the 7th postoperative day to confirm the absence of abnormalities and tubes were removed.
Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics ver. 22 .0 (IBM Co., Armonk, NY, USA). Categorical variables are described as frequency and percentage, and continuous variables as mean and standard error, minimum and maximum values. Crossover analysis was used for the comparison of complications, and a P-value less than 0.05 was considered statistically significant.
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RESULTS
A total of 26 patients underwent CRS and HIPEC ( Table 1 ). The average age of the patients was 55.3 years, 35% were males and 65% were females. Body mass index was 22.32 ± 3.97 kg/m 2 (range, 17.8-32.3 kg/m 2 ). American Society of Anesthesiologists physical status classification was I in 42.3%, II in 53.8% and III in 3.8%. The primary tumor sites were most common in sigmoid colon, synchronous peritoneal metastasis in 9 patients (34.6%) and metachronous peritoneal metastasis in 17 patients (65.4%). The preoperative chemotherapy was used in 17 patients (65.4%). Twelve patients among them underwent surgery in the progres-sion disease state during chemotherapy, 5 underwent surgery in stable disease state after finding peritoneal metastasis and chemotherapy. Of the 9 patients with synchronous peritoneal metastasis, 1 patient who underwent stenting with colonic obstruction, and 1 patient who was transferred to our hospital after chemotherapy in other hospitals, the remaining 7 patients did not undergo neoadjuvant chemotherapy. Preoperative chemotherapy was performed in 15 of 17 patients with metachronous peritoneal metastasis patients.
Some patients had accompanied resection during surgery due to metastasis to the other organs; 2 had liver metastasis and 1 had spleen. Histopathologic type was adenocarcinoma in 15, infiltrating cell carcinoma in 1, and mucinous carcinoma in 10. Preoperative carcinoembryonic antigen was 192.13 ± 812.33 ng/mL (range, 1.0-4,160.6 ng/mL) and it was 7.25 ± 17.23 ng/mL (range, 0.6-82.7 ng/mL) after 1 of operation.
The peritoneal cancer index score of the patients was as follows; less than 10 points in 18 patients (69%), 10-19 points in 6 patients, and more than 20 points in 2 patients ( Table 2 ). The CRS completion score (CC score) was 0 in all except 1 patient. In the case of patient with 1 score, residual tumor occurred due to severe 
adhesions.
Operative transfusion was performed in 8 patients. The average operation time was 507 minutes and blood loss was 652 mL on average. All patients underwent surgery. Total 3 ostomies were performed: 1 case for permanent ileostomy in patient underwent total proctocolectomy, 1 case for temporary ileostomy in patient underwent low anterior resection, and 1 case for permanent colostomy in patient underwent abdominoperineal resection.
The average postoperative hospital stay was 21 days (Table 3) , and they started to eat porridge within an average of 1 week. Postoperative chemotherapy was recommended for all patients, but it was performed in 12 patients due to complication or rejection and started after average 52 days after surgery (range, 31-105 days). And 5 patients were treated coadministration with Bevacizumab and FOLFIRI.
Postoperative complications occurred in 88.5% in early period within 30 days and in 34.6% in late period (Table 4 ). Complications were recorded in duplicate and more than the total number of patients, 26. In early period, 3 patients had no complication and 17 patients had grade I to II complications. Among them, 9 (34.6%) had ileus, which was the most frequent complication. Severe complications of grade III or higher occurred in 6 patients and most were associated with postoperative wound infection or suture. One patient underwent delayed wound closure due to deep incisional infection, 1 patient underwent percutaneous drainage due to deep organ infection, and 2 underwent primary closure with wound dehiscence. One patient had septicemia due to colonic-rectal anastomosis leaks during low anterior resection of CRS but recovered after percutaneous drainage and controlled fistula. There was no death. The complications after 30 days of operation were 9 patients (34.6%), 2 intestinal obstruction due to intestine adhesions, 3 dysuria, 1 erectile dysfunction, 1 pelvic abscess, 1 ureteral stenosis, 1 rectal stenosis. There were 2 patients with serious complications.
With regard to postoperative complications, 6 patients with severe complications were compared to 20 patients without complications or mild complications. The factors associated with complications were investigated (Table 5 ). Patient characteristics and Values are presented as mean ± standard deviation (range) or number (%). ICU, intensive care unit; JP, Jackson-Pratt.
outcomes were compared. There was a significant difference in the presence of transfusion during surgery (P = 0.004). There was no difference in the amount of blood loss during the operation between the mild and severe complications. In the mild complica-tion group only red blood cells (RBC) or fresh frozen plasma (FFP) was transfused. In the severe complication group, 1 patient was injected platelet only, 1 patient was in RBC only, and 3 patients were injected RBC and FFP at the same time Operative transfusion was performed in 8 patients. 1-100 months) . The median disease-free survival was 27.8 months (range, 13.4-42.2 months). The median overall survival was 56.0 months (range, 28.6-83.5 months) for 3 deaths except for 3 patients who were discharged to other hospitals or lost to follow-up. The cancer-specific survival rates of 2 and 3 years were 57% and 36%, respectively.
DISCUSSION
The treatment of patients with metastatic colorectal cancer has been continuously studied. In patients with colorectal cancer with unresectable metastases, systemic chemotherapy has been shown to increase median survival to more than 24 months [13] , and the resection of metastatic masses in the lung and liver also increases survival rate [14] . As with these reasons, CRS and HIPEC of peritoneal metastatic colorectal cancer are one of the treatment options for patients with colorectal cancer metastasis and has increased the survival rate [4] [5] [6] [7] [8] [9] [10] 12] .
However, the criteria for the selection of patients who can perform CRS and HIPEC have not been studied yet because sufficient clinical randomized trial has not been done yet. Goéré et al. [15] retrospectively reviewed the patients who underwent CRS and intraperitoneal chemotherapy and found that the 5-year survival rate was significantly higher when PCI score was less than 10. Elias et al. [16] reported that PCI score was independent prognostic factor for overall survival. In this study, the average postoperative PCI score was 8.73 points, and 8 patients (30.1%) had a score of 10 points or more. The CC score was reported to be an important prognostic factor in patients undergoing CRS and HIPEC as well as the PCI score [16, 17] . In this study, all patients except for 1 (3.8%) showed CC-0, and neither PCI score nor CC score was significantly correlated with survival.
In this study, mean operation time was 507 minutes (range, 285-950 minutes) and mean hospital stay was 21.6 days (range, 9-73 days). Polanco et al. [18] showed that the mean operation time was 430 minutes in 370 patients with CRS and HIPEC and 15.86 days in mean hospital stay, which is shorter than the results of this study. However, in the case of Kusamura et al. [19] while investigating 420 patients underwent CRS and HIPEC, the mean operation time was 563 minutes and the mean hospital stay was 22 days, which was longer than this study. In this study, mortality was 0% but morbidity was as high as 88.5%. However, complications of grade III or higher were low and usually mild complications occurred. Postoperative mortality was reported to be less than 1% in the high-volume center [20] , and other studies reported up to 4% to 8% [17, [21] [22] [23] [24] . CRS and HIPEC are highly skilled procedures, and the learning curve is high enough to require 100 to 140 cases compared to other procedures. Morbidity tends to decrease as the surgical experience accumulates, resulting in about 12%-52% morbidity [19, 25] . In this study, morbidity was higher than other studies, but mortality was close to other high-volume centers. HIPEC has the advantage of high cytotoxic effect on intra-abdominal metastatic tumor cells and less systemic cytotoxic effect compared with systemic chemotherapy [26] , but it does not suggest it is harmless. The chemotherapeutic agent used in HIPEC is mitomycin C, which is known to induce bone marrow suppression and nephrotoxicity when administered intraperitoneally [23] , however, no associated complications were found in this study.
In this study, blood transfusion was associated with severity of complication. Baratti et al. [23] reported no association with severe complications and transfusions in patients undergoing CRS and HIPEC. However, Saxena et al. [27] reported that in 936 patients undergoing CRS and HIPEC, more than 5 units of allogenic blood transfusion increased hospital mortality and morbidity above grade III. However, this study did not show any correlation with those who received more than 5 units of blood transfusion. The mechanism of transfusion-related complications was strongly correlated with the biological effect associated with transfusionrelated immunomodulation, and that the soluble mediator stored prior to transfusion may also cause posttransfusion complications [28] . In patients receiving transfusions, it was reported that alloantigens in donor cells can lead to cytokine mediators and induce cellular responses that affect inflammatory mediators, which cause complications due to change of immune system [29] . Therefore, to reduce the postoperative severe complications incidence, it is necessary to try to reduce the transfusion such as minimizing intraoperative bleeding and avoiding unnecessary transfusion.
The limitations of this study are as follows. First, it was a small retrospective study. Second, CRS and HIPEC were first performed in 2008, but since 2017, the research has been conducted in earnest and no significant factors related to the survival rate have been identified. Third, there was a selection bias in patient.
In conclusion, CRS and HIPEC are the treatments that are still being studied. However, complication incidence is high and highly skilled procedure are required. However, this can be overcome through intensive training and the accumulation of continuous surgical experience.
